Field experiments were conducted to evaluate the impacts of graywater irrigation with and without soil conditioning with mulching on cotton growth and soil properties in El Paso, Texas, USA.
INTRODUCTION
Rapid urbanization has resulted in a significant increase in freshwater demands for municipal and industrial uses in the southwest USA including El Paso County in Texas, characterized by semiarid conditions. As a result, agricultural users, especially cotton (Gossypium hirsutum L.) growers in the region, are increasingly relying on alternative water sources for irrigation. Use of non-potable alternative water sources such as graywater and reclaimed wastewaters to irrigate suitable agricultural crops can be a beneficial and efficient use of these alternative waters while at the same time it results in reducing pressure on potable supplies (Asano et al. ) . Graywater comprises bath tub, shower area, hand wash basin, laundry, and kitchen sink water and is usually less polluted than municipal wastewater (also called blackwater), due to the absence of human excretions and toilet paper (Neal ; Saeed et al. ) .
Graywater has been applied widely in landscape irrigation, groundwater recharge and crop irrigation and other areas.
Past research shows that graywater irrigation does not affect crop yield, instead, in some cases, it increases plant growth and yield while maintaining the quality of the crops were also collected from the source and analyzed to characterize salts, nutrients, and metal concentrations.
Graywater was slightly alkaline with a pH of 8.19, nonsaline with an EC of 1.54 dS m À1 , but sodic with a SAR of 16. Sodicity is often observed, but not necessarily problematic when total salt and Ca are in adequate concentrations to counter dispersion caused by sodium.
Baseline water quality and soil properties Total N, NO 3 -N, and NH 4 -N were at low concentrations.
Concentrations of plant-available N (NO 3 -N and NH 4 -N) translated to about 45 kg/ha. Therefore, the soil was considered N deficient. Soil sodicity was very low, and average SAR was less than 1. Conversely, the compost used as a soil conditioner had a near-neutral pH and was rich in nitrogen and phosphorus.
Cotton establishment and harvesting
Pima cotton, Delta-Pine roundup ready (DP 393) cultivar, is popular in west Texas. This cultivar was used in our study. 
Statistical analysis
A split plot design with two soil treatments (mulching or no mulching) as main plots, two types of irrigation water (graywater and freshwater) as sub-plots and soil depths as sub-sub plots were used with four replications. The significance of treatment effects was analyzed using Duncan's multiple range tests (Duncan ) at the 0.05 level of probability using Statistical Analysis Software (SAS ). These results imply that freshwater could be used more efficiently with appropriate soil conditioning such as mulching than with no mulching. probably due to the higher pH of graywater than freshwater.
In addition, the organic compost that was used for soil conditioning had lower pH than the baseline pH of the study site soil. In general, results indicated that the soil mulching lowered soil pH at 0-15 cm under graywater irrigation.
Previous study results do not report a consistent trend for the effects of graywater on soil pH. Some studies have reported an increase in soil pH values (Qishlaqi et al. Salinity and sodicity were greater in soils mulched with organic compost because of the greater salinity of the compost. Thus, selection of aged compost with less salinity is important.
